INTRODUCTION
Primary malignant bone tumours involving the pelvis account for 15% of all primary malignant bone tumours. 1 Tumours involving the pelvic area represent one of the most challenging oncologic and reconstruction problems in musculoskeletal oncology. Tumours of the periacetabulum are amenable to curative intent but require wide or radical margins. Resections are difficult, and reconstructions are demanding procedures. Classic hemipelvectomy is a common strategy for the removal of large tumours in the location that cannot be removed by limb-salvage surgery with an adequate margin. 2, 3 Advances in adjuvant chemotherapy, radiation therapy, imaging, and surgical techniques have allowed more patients to be treated with limbsalvage surgery. In order to maintain quality of life and avoid major amputation surgery such as classic hemipelvectomy, several reconstructive techniques have been advocated following tumour removal at the pelvic bone. More recent reconstructive options include non-vascularised autografts; autoclaved, resected, or microwave-induced hyperthermia of bone from the same pelvis; massive pelvic allograft; endoprosthetic material; resection arthrodesis; local improvised reconstruction with plates, pins and screws augmented with bone cement; and no reconstruction (internal hemipelvectomy). [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] These reconstruction methods utilise wide surgical margins and are advocated for both primary and secondary malignant bone tumours to improve patient survival. 18 Such reconstructive techniques are also justified for better quality of life in children, adolescents, and young adults with sarcomas. 19 Unfortunately, pelvic limbsalvage procedures are associated with a high rate of complications and morbidity. 20 The high complication rate is attributed to extensive bone loss and durability of the implant. This study was conducted to present the clinical experience of 13 patients with periacetabular tumours who underwent internal hemipelvectomy without reconstruction or with autogenous fibular bone grafting.
MATERIALS AND METHODS
From May 1998 to April 2004, 13 patients (7 male and 6 female) with a mean age of 33 years (range, 8-56 years) underwent limb-salvage surgery for primary malignant periacetabular tumours in Siriraj Hospital, Bangkok, Thailand. The diagnoses were chondrosarcoma (n=8), Ewing's sarcoma (n=2), osteosarcoma (n=1), well-differentiated osteosarcoma (n=1), and malignant giant cell tumour (n=1). Patient 8 with osteosarcoma and patient 2 with chondrosaroma had undergone previous surgeries at other hospitals where inadequate surgical margins had been applied. Patients' characteristics, treatment methods, and outcomes are shown in the Table. Histological diagnosis and the stage of each tumour were determined according to the Musculoskeletal Tumor Society classification. 21 The tumour resection was at PI-II-III (n=4), PI-II (n=5), PII-III (n=3), and PIII (n=1), according to the Enneking and Dunham 22 classification for the resection of primary tumours involving the pelvic bone (Table) .
The approach and technique of tumour removal was as described by Eilber et al., 12 with the degree of resection determined by the extent of local tumour involvement based on plain radiography, computed tomography (CT), or magnetic resonance imaging (MRI). Resections with wide margins were achieved in 9 of the 13 patients. Four patients had contamination in some areas during tumour excision (Table) . In most patients, soft tissues and muscles of the pelvic region were removed along with the bone tumour and could not be reattached directly in the usual location; a Parietene polypropylene mesh (Sofradim, Trevoux, France) was used to maintain muscle continuity. Patients were placed in balanced skeletal traction at the tibial tuberosity with a weight of 10 to 15 pounds for 2 to 3 weeks after surgery. Progressive partial weight-bearing with axillary crutches was allowed after 6 to 8 weeks. Regular strengthening exercises of the psoas, gluteus, quadriceps, and hamstring muscles were started and maintained to the highest level of tolerance during this period.
Of the 13 patients, 11 received no reconstructive procedures following tumour resection (Fig. 1) . Patients 7 and 10 in the PI-II group underwent fibular bone-graft fixed with screws bridging the periacetabulum and the remaining sacrum (Fig. 2) . Adjuvant chemotherapy was administered for high-grade malignant tumours, while postoperative radiation therapy was performed on patients with a closed or contaminated surgical margin. Patients were followed up regularly for functional evaluation, complications, and detection of local recurrence or distant metastases using chest radiographs and bone scans. Functional evaluations of all patients were performed according to the functional classification system of the Musculoskeletal Tumor Society 23 (Table) .
RESULTS
The mean follow-up period was 24.3 months (range, 8.9-43.9 months). Nine patients remained diseasefree, 3 had died of the disease (all high-grade malignant tumours), and one was alive with the disease at final follow-up. Three patients had local recurrences, which were found more frequently with high-grade tumours and wide-contaminated excisions: patient 8 with a wide-contaminated excision had had an inadequate margin excision in another hospital. This patient underwent a wide excision and softtissue coverage with a rotation latissimus dorsi flap and postoperative radiation therapy (dosage, 6000 cGy). She died from lung metastasis 9 months postoperatively. Patient 2 with a recurrence of chondrosarcoma underwent a marginal excision.
Patient 5 underwent a hemipelvectomy due to the recurrence of a malignant giant cell tumour. Both patients 2 and 5 were alive without distant metastases at final follow-up (Table) . Four of the 13 patients experienced complications, most related to soft tissues: one each for deep wound infection (patient 3), skin necrosis (patient 8), seroma (patient 11), and vascular spasms (patient 13) [Table] . The mean functional analysis at final follow-up according to the Musculoskeletal Tumor Society 23 system was 68.7% (range, 36.7%-100%). Patients without reconstructions had a mean score of 68.2%. Patients 7 and 10 (PI-II), who received fibular bonegraft bridging from the periacetabulum to the remaining sacrum, had a mean score of 71.7%. All patients with internal hemipelvectomy had leg-length discrepancies of 3 to 10 cm, which could be compensated by simple shoe lifts. Eight (patients 2, 5, 6, 8-11, 13) could walk with a cane, and 5 (patients 1, 3, 4, 7, and 12) could walk without any gait support; all were able to perform most activities of daily living without any assistance (Fig. 3) .
DISCUSSION
The goal of treating primary malignant bone tumours has expanded to both cure disease and provide a good quality of life. Advances in multidisciplinary treatment approaches, including combinations of imaging, chemotherapy, radiation therapy, and surgery, have enabled more patients with primary malignant bone tumours to undergo limb-salvage procedures and have a good survival. 24, 25 Primary malignant bone tumours involving the periacetabular area remain an oncologic and reconstructive challenge. If adequate excision of large tumours cannot be performed, or if extensive bone and softtissue or nerve resection makes reconstruction difficult or leaves the leg with poor function, classic hemipelvectomy is more likely indicated. The rate of local recurrence in our series following tumour removal was 23%, which is comparable with other series. 12, [26] [27] [28] Higher recurrence rates and poorer oncologic outcomes were associated with high-grade tumours, tumour location, and surgical margin. 27, 29, 30 Limb salvage allows patients to have better functional outcomes and fewer complications. Many reconstructive techniques have become available, each with its own advantages and disadvantages. Massive allografts and autoclaved bone grafts have high nonunion and infection rates, especially in very large tumours treated with chemotherapy and radiation therapy. [4] [5] [6] [7] In addition, a massive allograft in this location requires the availability of sufficient graft stock. In such cases, the resection arthrodesis technique has demonstrated good results 26, 27 ; common complications were associated with pseudarthrosis and infection. Saddle and customised implants are expensive and must be prepared and ordered prior to surgery, but tumour size can change after neoadjuvant treatments, which may affect the fit of the ordered implant. Complications in these particular reconstructive techniques are not uncommon and include infection, wound skin necrosis, and loosening of the prosthesis. The rate of adjunctive surgery is high; some patients even require implant removal or a classic hemipelvectomy in the final analysis. 8, 9, Hillmann et al. 20 studied the reconstruction outcomes of 110 patients following removal of tumours around the pelvis. The reconstructive techniques included a hemipelvic megaprosthesis, an allograft for sacroiliac arthrodesis, an autograft for sacroiliac arthrodesis, hip transposition, no reconstruction, and classic hemipelvectomy. Infections, which mostly occurred in prostheses and allografts, were common complications depending on the type of reconstruction. The problem of leg-length discrepancy was found mostly in autografts and hip transpositions. Skin problems and infections were often found in prostheses with an allograft. Four of 13 patients in the present series had complications, mostly associated with wound infections and skin problems, all of which were treated successfully. Only patient 5, with a local recurrence of a malignant giant cell tumour, required a classic hemipelvectomy.
Limb salvage provides better functional and psychological results than classic hemipelvectomy. 12, 22 Hillmann et al. 20 compared the Musculoskeletal Tumor Society's 23 functional scores of each reconstruction in their series and found that poor function (37%) was present in the group with prosthetic reconstruction and amputation, while patients without reconstruction had good function (79%). O'Connor and Sim 26 found better function in patients with arthrodesis than without reconstruction. The results depended on the location of the lesion and the restoration of pelvic stability. Most patients in our series had fair functional outcomes. Better results were found in patients with sacroiliac bone grafting, which provided continuity in the pelvic ring. These results are comparable with other previous studies. [12] [13] [14] [15] [16] While functional outcomes remain a priority, cost-effectiveness should also be considered when planning treatment. Bruns et al. 35 studied the cost analysis of 3 different surgical procedures for treatment of periacetabular tumours at postoperative 3 months. Prosthetic reconstruction was most costly, followed by classic hemipelvectomy, and iliofemoral pseudarthrosis. Considering the cost-effectiveness and the rate of complications, internal hemipelvectomy without reconstruction is a preferred technique following tumour resection in the periacetabular area.
CONCLUSION
Malignant periacetabular bone tumours still represent a challenging field in musculoskeletal oncology. Due to improvements in limb-salvage surgery, many types of reconstruction after total or partial internal pelvic resection are possible, but complication rates remain high for these procedures. Patients must be informed about the potential consequences of internal hemipelvectomies with reconstruction. An internal hemipelvectomy without reconstruction and fibular bone grafts bridging the periacetabulum to the remaining sacrum are good alternatives for wellselected patients. An adequate wide surgical excision remains the mainstay of successful tumour control and patient survival. The management of malignant periacetabular tumours was still problematic, and the functional results of our patients with no reconstruction or with bone-graft bridging were fair. All of our patients who underwent internal hemipelvectomy had a leg-length discrepancies that could be balanced with shoe lifts.
